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The proton analyzing poweA,, and the deuteron tensor analyzing povile, are evaluated for the
pd— ="t process, in the energy region around and aboveAheesonance. These calculations extend a
previous analysis of the excitation function and differential cross section, based on a model embodying one-
and two-bodyp-wave absorption mechanisms and isobar excitation. The three-nucleon bound statepohd the
scattering state are evaluated through Faddeev techniques for both the Bonn and Paris potentials. The spin
variables exhibit a greater sensitivity to the number of included three-nucleon partial waves than the cross
sections, while the role played by the initial- or final-state interactions appears to be small. The results for the
tensor analyzing power at backward angles show a non-negligible dependence on the potentials employed,
consistently with what has been previously found for the cross sections. The calculation of spin observables
gives a clear indication that other reaction mechanigmnssumablys-wave two-body absorptigrhave to be
included in the model, in order to reproduce the experimental data belo tesonance, in analogy with the
simpler pp« 7rd process[S0556-28188)03004-(

PACS numbsgps): 25.80.Ls, 25.40.Qa, 25.10s, 13.75.Cs

I. INTRODUCTION posed into three-nucleon partial waves, whereas the pion-
tritium motion is represented by a three-dimensional plane-
Pion absorption/emission processesfea3 nuclei offera wave state. The calculation has been performed in
unique possibility for testing our present understanding ofmomentum space, and details about the partial-wave formal-
pion-baryon interactions and reaction mechanisms with @&m can be found elsewhef#,6].
minimum of ad hoc phenomenological assumptions. It is  The phenomenological parameters entering the above cal-
now possible, in fact, to give a microscopic description ofculations are essentially the coupling strengths and cutoffs at
both the nuclear bound state and the three-nucleon dynamig¢se meson-baryon vertices. These parameters had been tuned
in the incoming(or eXit) channel through modern feW'bOdy previous|y through the ana|ysis of the S|mp|ed(_>pp re-
techniques. _ _ ~action[7,8], over a large experimental database, including
A first step towards this goal has been accomplished in @ross sections and polarization observables. Hence, the
recent papefl], where pion emission/absorption reactions ;4 ysis of Ref[1] can be regarded as a parameter-free cal-
on tritium have been studied in the_ Energy region around th‘éulation, aiming at ascertaining to what extent the assumed
A resonance. The.elementary em|SS|on/abso_rpt|on Processes. 1ol of the pion-nucleus dynamics can be extended from
:/:/i-%lt\)/de; a)ééu?olr:jigr?tb?:cee;ggiﬂgotﬂrgﬁ'uzcrr;z:tsa:?i;)?n?rhbey thﬁe two-nucleon to the three-nL_JcIeon sy_stem. These calcula-
. . ' o ’ tions have been compared with experimental integral and
former is described by a nonrelativisteNN vertex, the lat- ) . : .
differential cross sections. The role played by the final- or

ter by a7NA vertex, followed (or precedell by isobar initial-state interactiongFSI/IS]) has been studied, and the

propagation, and AN« NN transition mediated byr andp ith t 1o th ber of included partial
exchange. The three-nucleon bound and scattering states gRnvergence with respect fo the number of included partial-
ave three-nucleon states has been tested. It turnefiLput

the initial and final channels have been evaluated throqu . . h .
numerical solution of the Alt-Grassberger-Sandfa&S) tha}t the inclusion of higher partial waves and nuclgar corre-
[2] equations for realistidlN potentials, by resorting to the lations have a compar_able 1_affect on the_ Cross sections. Gpod
Ernst-Shakin-ThaletEST) expansion methoi3,4], to pro- re_sults could be obtalned_m the cons_|dered energy region
duce a finite-rank representation of theN interactions. With both Bonn[9] and Pariq10] potentials, the latter pro-
With this representation, the-production amplitude includ- ducing a lower excitation function with respect to the Bonn
ing the three-nucleon correlations can be obtained by solving potential, and slightly better results for the differential
an integral equation where the off-shell extension of thecross sections at backward angles and high energies. Around
plane-wave amplitude represents the driving term. This apthe resonance, and for not too large angles, however, the
proach is similar to a recent treatment of tritium photodisin-results for the two potentials differ only in the normalization
tegration[5]. The transition amplitudes have to be decom-of the cross sections, with the excitation function for the

0556-2813/98/5(4)/15897)/$15.00 57 1588 © 1998 The American Physical Society



57 SPIN OBSERVABLES FOR THEd«— 7t REACTION ... 1589

Paris potential being about 25% lower than the B&ne-  at forward angles, where one fails even in reproducing the
sult. trend of the experimental points. This had to be expected,
In the present paper we extend the analysis to spin obserbecause in the present calculations optywave absorption
ables(such as the asymmet#y,,, and the deuteron tensor mechanisms are considered. At low energies, one expects

analyzing poweil »o), and to a larger energy region, in order non-negligible contributions frons-wave pion absorption,

to get a deeper insight into the merits and limitations of theinvolving 7 rescattering on a second nucleon. Such mecha-

model employed for ther-three-nucleon dynamics. nisms play an important role in the-absorption process,
For therrd< pp reaction, the polarization observables areand have to be taken into account in extending the present

known to be much more sensitive to the details of the dy-analysis from the high-energy to the low-energy region, as

namical model than the unpolarized cross secti@h8,17.  has been shown in RefL2] for the simplerpp«— =" d reac-

For this reason, the large variety of spin data has never bedion.

reproduced with complete success, in spite of the increasing The formalism relating cross sections and polarization ob-

complexity of the theoretical models. In particular, the pro-servables to the transition amplitudes as given in the present

ton analyzing poweA,, is one of the most difficult observ- approach is reviewed in Sec. Il. The results of calculations

ables to reproduce since it depends on both the magnitudee shown and discussed in Sec. lll. Finally, Sec. IV contains

and the relative phases of the intervening helicity amplitudeshe summary and conclusions.

A similar situation appears here for tiper d— 7" +t reac-
tion. We investigated how much this observable is affected Il. THEORY
by the partial-wave truncation, and by the inclusion of ) N ) )
nuclear correlations in the initial channel. We found a more 1ne amplitude for th@d«— "t process can be written in
pronounced sensitivity to the number of included three-l€rMS of the matrix element
nucleon partial-wave states, with respect to the cross sec- ot (=) -
tions. When the representation is enlarged to include 18 two- A=K, Yol Al Yes) sl PT) - (1)
body partial-wave states ai8] P, andD orbital states in the
intermediateA propagation, the theoretical results move to-The states¥gs)s and (7)(q,y¢| describe the final three-
wards the experimental points. The effects of the threehucleon bound statéBS) and the initial three-body scatter-
nucleon correlations in the initial state, on the other handing state, respectively, and are assumed to be properly anti-
turn out to be less important. As fdk,,, one can obtain the Symmetrized. For both bound state and scattering regimes,
general trend of the experimental data around the resonanc&€e use herein the same three-nucleon states previously em-
the results exhibiting a moderate sensitivity to the chosefloyed in Ref[1]. Henceforth, we refer to that paper for any
NN potential at forward angles, and a greater sensitivity afletails about the Faddeev-based calculation of the three-
large angles, consistently with the analysis of the unpolarize@ucleon states. The statég| and|Pg) are the plane-wave
cross sections. states for the two fragments in the asymptotic channels. The
This model, in its present form, has been built for anmomentaPy and q are the on-shell momenta in the c.m.
analysis around the resonance region, where the intermediafi@me for the(outgoing pion and(incoming nucleon, re-
AN dynamics has to be treated explicitily. As is well known, spectively.
a theoretical evaluation of th& width in the nuclear envi- In the operatorA we specify the reaction mechanisms
ronment is still beyond present possibilities, since it wouldunder consideration. To avoid double countings, purely
entail a consistent solution of the coupled nucleonic intermediate states must be avoided,isince the
7NNN—ANN-NNN problem. Lacking this theoretical in- intermediate propagation of three nucleons is taken into ac-
gredient, we choose to parametrize the resonance width pheeunt to all orders when calculating the three-nucleon dy-
nomenologically, starting from the experimental cross secnamics in the final state. These amplitudes are decomposed
tion for the wd—pp reaction. This phenomenological in three-nucleon partial waves, while the pion-nucleus wave
parametrization implicitly takes into account the non-is kept three-dimensional. We omit the details on the repre-
perturbative aspects of the intermediAt@ropagation within ~ sentation employed since all this has been thoroughly dis-
the two baryon subsystem; it proved successful both in theussed in previous pap€rk,6]. Herein, we limit ourselves to
description of therd« pp data from thresholfiLl2] up tothe = mention that the three-body states are defined in momentum
resonance regiof7,8], and in the three-nucleon calculations space and the partial-wave decomposition is discussed within
of Ref. [1]. Here, we extend the analysis pti— 7t pro-  thejl coupling scheme. The index collectively denotes the
cesses beyond the resonance region for both the cross sa¢hole set of quantum numbers, namely spin, total angular
tions and spin observables, and compare the outcome of thisomentum, and isospin of the pas, (j, andt, respectively
effective parametrization with the standard relativistic treat-orbital, spin, total angular momentum, and isospin for the
ment of theA width, which applies to a fred [13,14. One  spectator X, o, |, and7) and finally the three-nucleon total
finds that the former parametrization provides better differangular momentum, isospin and associated third compo-
ential cross section in the resonance region, whereas the alents,JJ* and TT>. To calculate spin observables we adopt
ternative description works better with increasing energythe helicity formalisms as introduced by Jacob and Wick
This suggests that nonperturbative effects in the off-shell [15]. The phase conventions, however, are those defined in
propagation are non-negligible in the resonance regionRef.[16]. We transform thgl coupling scheme of our am-
while their importance decreases at higher energies. plitudes into a channel—-spin representation, where the angu-
The data are not well reproduced in the low-energy redar momentum of the spectator particle, is coupled to
gion. This is particularly true for the tensor analyzing powerchannel spinK (which is the coupling of the spectator-
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nucleon spingo 4, to the deuteron spin,) to give the total Flriz_ _pl-12

A 1217 121
angular momentum J. The transformation is
FlU2_pl 12
1

207" —1/20
|(A (01))K)J) 1o R
i o, K Fip=1=—F_1p1, (7
= > (=)t MIKT i(Nap))J).

Z( ) {)\ 3 |}|(l( o)) Fl — o1

2 _
“ PR =Fhs
The amplitude in this new-K representation will be U2 _pl-12

compactly indicated as 12-1—F121 -

Finally, we obtain the helicity amplitudes for the pro-

B 4w 12— 32 , duction process from time-reversal symmetry. Accordingly,
AN K) I, pp) = 23+1(_) A(@,(AK)J, = J%E). the time-reversal amplitudes are related by the equations
()
Mk _ — g+ |pa| I u
Fld(o)=(—)remratmrSE M0 (0),  (®)
We observe that in this representation the pion and nucleon a |pe| #eta

\r/(zr?itévneczta\‘;eesp?;fme?E['gr(]jig;i;rsef;gdaﬂgﬁ{jggg’ir??gr’r;c;rgfot?]Where on the left-hand side is the scattering angle for the
(inverseg bion absorption process. By doing so, the initial 5roduced pion, wh|.Ie on the rlght-hanq §|de it refers to the
state isnot decomposed into partial waves, while the final arrllglle for. the Céutgomg nuc;liar?n. Alsh.'s n ouré:afs_ePo '
state is. The quantization axis is parallelR§, thus it is the While pc 1S g. By means of these refations, we define

helicity axis for the incoming piofobviously, the helicity of Z.(6)=F/12
. . . . 1 121
the pion u, is zerg. For the target particle, the triton, we
take the same axis, but pointing in the opposite direction. Z,(0)= —Fll/lzl%.
Hence, for the target particle, we have to rotate the frame of
180° around the normal to the scattering plane. Because of Za( g):F/l/lz@ll 9)
this rotation the target helicity ig,=—J? and the phase
factor appears in the equation above. We construct the Z4(0)=F’_ 11’,220,

partial-wave helicity amplitude
Zs(9)=—F' Y7,
/
1‘,/:,*:d<a)=g‘R (cuad NKHANK) I mp),  (4) Zo(0)=—F' %2
_ o _ _ having factored out the momentum ratio since it is taken into

where u is the helicity of the outgoing nucleon, and; is  account at a later stage. Well-known spherical tensor algebra
the helicity of the deuteron. Given that, is zero, we use the [16] leads to the following expression:
symbol “/” in place. The coefficient$u uqJ|\KJ) provide

the Jacob-Wick transformation from the channel spin to the A _4|m(le§ + 2,25 +Z2375) 10
helicity representation with the phase conventions adopted in yo™ lo (10
Ref.[16] )
for the analyzing power for the reactign-d— 7" +t. The
(epgd|NKJ) quantity ¢ is defined as
=(— )K" #eC(sg,5q,K; pre, =t s ™ Ma) lo=2(|Z4|+|Z,|2+1Z35|7+1Z42+|Zs|*+1Z6/%) (12)
X C(K, I\ ig— e phe— iq,0), (5  and gives the differential cross section
whereC are the usual Clebsh-Gordan coefficients in the no- d_U(g): E| (12)
. 0
tation of Ref.[6]. dQ 2
The expansion in terms of reduced rotation matricesf the bi b i "
yields the angular dependent helicity amplitudes or the pion absorption reaction, or
d(r(e) C( P?T)ZI 13
2J+1 —(f)=— =
| _ | J [0) 0
Fﬂc:d( 0)_2 47 f#c:d(J)d(_Mb)(ﬂc_“d)(0)' (6) d 6 9

for the inverse reaction. The constantorresponds to the

whered is the scattering c.m. angle for the outgoing nucleon Phase-space factor
Of the twelve helicity amplitudes, symmetry principles lead E EEE
to 6 independent ongsve omit the angular dependence for C:(zﬂ.)zli —m—t=N=d

, 14
brevity). Thus pr (EtY?2 (14)



o7 SPIN OBSERVABLES FOR THBd— 7"t REACTION ... 1591

-7 i -
Vel 0.2 L '."‘ .“‘
7 = .
s B
/ [
A -, N 0.0
3N —1 I A
ISI J g < oaf “l
P N Ve -
J T |
< i H l
P i
7 -0.4 . v **
7 t
// N
Z ™\ -0.6 [ b4t
3N /// I _--..I...’.l....l..
ISIJ — 0.0 100
/
6 (deg)

FIG. 1. Diagrams included in the present analysis. On top, the
A-rescattering mechanism is composed of #¥A vertex, theA
intermediate propagation, and tleN transition vias and p ex-
change. On bottom, the direetNN mechanism is shown. For both 0 iateA N S states, while the remaining two curves inclugleP,
mechanisms, the three-nucleon correlations in the initial state A'8NdD intermediateA N states and 464 three-nucleon partial waves
represented by the oval on the left, while on the right the threepo gotted line contains the contribution of ISI, while the full line
nucleon bound state is denoted by the half oval. does not. All the results have been obtained with the BBro-

FIG. 2. Analyzing power,, of the reactiorﬁ+ d— 7"+t for
incident protons at 350 MeV . The dashed line includes only inter-

tential.
with the relativistic energy of the fragments given by

E =Jmi+ P22 a Faddeev-AGS computational scheme, and the effect of the

4 m 0 inclusion of a higher number of three-nucleon partial waves

_ Zipa2 has been also analyzed. In comparing the results, it turned
Ei= yM3+Po”, out that these two aspects were comparable in that they both

Ny affected the unpolarized cross section by roughly the same

En=vM*+a7, (15 amount. Indeed, the Faddeev-AGS calculation of the three-

E = \/m, nucleon dynamics in the initial state gave a 4% effect in the

cross section, and a comparable 4% effect was found in pass-
ing from a calculation including 82 three-nucleon partial
waves, to our largest calculation with 464 partial waves.
Here,M, M+, are the deuteron and tritium masses, respec- e refer to the articlg1] for all the details about the
tively. model, and for the |ISt.Of part|.al waves included in the vari-
From the same helicity amplitudes, we have calculate®{S caI_cuIauons. Herein, we limit ourselves to stress th_at thg
also the deuteron tensor analyzing powes main dlffergnce t_)etvyeen the 82- and 464-state calculations is
due to the inclusion in the latter & P, andD waves for the

EC°'=E\+E4=E,+E;.

(1Z117—2|Z,|%+ | Z35|?— 2| Z4|?+ | Z5|?+ | Z4|?) intermediateA N subsystem, while in the former case oSy
To0= V2 | : waves were retained.
0 (16) In this section, we use the same amplitudes which have

been calculated previously in Réfl] and take the analysis
Il RESULTS one step further by calculating the polarization observables
: according to the methods described in the previous section.

In a previous articl¢1], it has been shown that the energy The results for the proton analyzing pow&y, are compared
dependence and angular distribution of fhe— 't reac-  in Fig. 2 with the data obtained in RdfL7] for the isospin-
tion cross section around thk resonance could be repro- related reactionp+d« 7°+3He at 350 MeV. Assuming
duced reasonably well with a meson-exchange isobar modeharge independence, the results have to be equal. The
with the w-nucleon interaction mediated by thewave dashed line in the figure exhibits the result of the calculation
7 NN and = N A vertices. The pion production/absorption including 82 three-nucleon intermediate partial waves, and
diagrams included in that model are shown in Fig. 1. only S states for the intermediat®N system. In this case,

In the same paper, the normalization of the cross sectiothe results are very different from the trend of the experimen-
was found to be quite sensitive to theN potential model tal data; however, the dashed curve is comparable in shape
employed(Paris, BonnA, or Bonn B), while the angular and magnitude with previous theoretical results shown in
distributions were found to be less sensitive, with the excluRef.[18].
sion of the region at backward angles, where a non- The other two curves exhibit the results of the calcula-
negligible dependence upon the nuclear potential has bedions including 464 8l states and differ between each other
shown. At the resonance peak, the three-body dynamics iby the fact that the dotted line includes the effects of the
the nucleon-deuteron chann#$l) have been calculated via three-nucleon dynamics in the initial state, while the full line
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10!

o(E)= 2
IL(E)
o . (E— Er)2+ 2

17

e plus the additional condition that at the resonance fgeak

. the isobar width coincides with the experimental value of

oot 115 MeV (this last condition fixes also the constdny.

//' 4 N The same energy dependence has been employed without
4 W further changes in previous analyses for thed« pp (Ref.
' [8]) and pd— =t (Ref.[1]) reactions. In this paper, as pre-
ot viously done in Ref[1], we have used the same parameters
T e (i.e., coupling constants and cutdffdefined in Ref.[8],

1 2. 3 4 without further modifications. However, in the analysis
herein we extended the energy range aboveAthhesonance
by going up ton = 4. In order to accomplish this, we con-
sidered a different parametrization of the isobar width,

FIG. 3. Differential cross section at 0° and 180° versus the

parameter; calculated with the BonB potential. The ful(dashed 22, ¥ M
line represents the forwalthackward cross section calculated with A :§ A W ﬁ (18
the isobar width parametrized starting from thée absorption cross 7’
section, while for the dotte(Hotted-dashedcurves the free isobar
width has been employed.

Ui

whereq is the pion momentum in the c.m. framgs is the
invariant N mass,M and m_ are the nucleon and pion
masses, respectively, arigy, is the coupling constant of
does not. In both cases the intermediafte states have been he 7NA vertex.

included up toD waves. In comparing the two curves, itis  This simple parametrization is commonly used in the
clear that the consequences g, due to the three-nucleon analysis of therN scattering process¢$3,14 and therefore
dynamics in the initial state are not very large. Instead, theefers to the width of dree A. It has the advantage of not
difference with the dashed curve is a clear indication that théeing restricted to a limited energy range, and hence can be
polarization observables are much more sensitive to the inremployed in the region well above the resonance peak where
clusion of a large, possibly converged, set of states than whalhe previous parametrizati¢fq. (17)] breaks down. A com-
happens for the unpolarized observables. In particular, aparison between the energy dependence of the two widths
important aspect which cannot be neglected is played by theas been done in Ref7].

P and, to a lesser extent, by tik orbital states of the\N The dotted(dashed-dottedline in Fig. 3 shows the for-
subsystem. It was also found that orbital states higher Ehan ward (backward cross section results calculated with the iso-

waves give virtually no further change for this observable, aPar width expression given by E@18). These results are
least at the resonance energy. spanning a wider energy region above the isobar resonance,

In Fig. 3 the differential cross section at forward and and they improve the description of the reaction in the higher
backward angles is shown as a function of the paramgter energy range, starting already_ from= 2. In contrast, the
defined as the pion-nucleus c.m. momentum, in units of pioﬁesu!tS in the lower energy region are best reproduced bY the
massestimesc). The experimental data have been obtaine revious set of calculations which employs the parametriza-

o . ; . ion given by Eq.(17). At the present stage, there is no
at Saclayf19] for the #° production reaction. The full circles definitive explanation for this behavior. We may however

represent cross section data at forward angles, and the tréfrgue that, as the pion momentugincreases to a value

angles are the corresponding data at backward angles. Tré‘?ound 2, the isobar in the intermediat®N propagation
ex.perimental'results are gompared W?th thg theoretical calcyands to behave as a free-particle propagation, while at lower
lation assuming charge independeri@aplying a factor 2 gnergy the importance of th&N higher order interactions
betweens" and #° production. The full (dashedlline ex-  prevents a description in terms of free isobar propagation. If
hibits the calculation at forwardbackward angles per- thjs is the case, the superior results obtained at lower energy
formed with the model introduced in Reffl], and corre- by the parametrization from Eq17) can be understood in
spond to results obtained under the same circumstances g light of the fact that the. width obtained directly from
the results forA,, shown by the full line in Fig. 2. the experimentaird— pp excitation function must include,
These calculations have been tailored for the reproductioalbeit in some phenomenological and approximate way, the
of the pion production reaction in a region limited around theAN higher order interactions, while the baryon-baryon inter-
A resonance. Indeed, the main limitation in the energy rangactions are certainly excluded when the width is param-
derives from the treatment of the width of theresonance, etrized from thewN scattering data.
whose range of validity is restricted in the region below Figure 4 differs from the previous one in that the Paris
=2.5 for 5. The explicit parametric form of the isobar width NN potential has been employed instead of the BBnone.
I, is given in Ref[7]; it has been derived starting from the Except for this change, for the four curves the same symbol-
shape of the experimental-absorption cross section on deu- ism of Fig. 3 has been adopted. The forward peaked differ-
terons,o(E), by imposing the condition ential cross sections are very similar for the two potentials,
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FIG. 4. Same results as in the previous figure but with the Paris k|G, 6. Same observable as in the previous figure but for back-
potential. ward direction. The curves are defined with the same symbolism.

the only difference being in the normalization of the corre-lines represent the results obtained with the Bonn potential,
sponding curves. As already discussed in IREf.the results  while the dashed and dashed-dotted curves are similar calcu-
with the Paris potential are about 25% smaller than the relations with the Paris potential. Furthermore, the solid and
sults obtained with the BonB potential. The results at back- dashed lines correspond to the isobar width parametrized ac-
ward angles show a greater sensitivity to M interaction, cording to Eq.(17), while for the dotted and dashed-dotted
since the differences in this case cannot be attributed to nes Eq.(18) has been used. Independently of the isobar
simple change in the normalization of the results. At lowerwidth and/or the nuclear potential employed the differences
energy, the results at backward angles obtained with thare not very large. The results at lower energy are very dif-
Paris potential reproduce better the trend of the experimentdérent from the experimental data while at higher engfgy
data. At higher energy, the calculations at backward angleg=2, where mainly Eq(18) can be usefthe reproduction

for both potentials fail to reproduce the dip aroune-3.6.  is much better. A possible explanation for this behavior can
In a previous study20], the presence of this “bump” in the be attributed to some low-energy production mechanisms
backward-angle data has been explained in terms of possib&till missing in the present analysis. A natural candidate is
three-body pion production mechanisms. Such mechanisntie mechanism triggered by theN interaction inS wave. It

are not contemplated in the present analysis. is well known that this mechanism is quite relevant in the

In Fig. 5, the results for the deuteron tensor analyzingrd« pp reaction around the resonar{de7,8 and of funda-
power T,q at forward angles are shown. The experimentalmental importance for the description of the same reaction at
results are those reported in ReL9]. The full and dotted threshold. It is possible, and indeed very likely, that the same
mechanism becomes more and more important at lower en-
ergies also for th@d«— 7"t process. The discrepancies seen
[ at lower energies not only in Fig. 5, but also in the forward-

[ peaked differential cross sectidfigs. 3 and 4 could be
possibly explained by such mechanisms.

In Fig. 6 the results obtained fdr,, at backward angles
are compared with the experimental data. The symbolism of
the figure is similar to that of the previous one. It is evident
that the backward angle results are much more structured and
difficult to reproduce than the forward results. Here, the data
are not reproduced well in the entire energy region under
consideration. The theoretical results however show a certain
. structured shape which is qualitatively similar to that evi-
e i denced by the data. For this observable, similarly to what

was previously observed for the cross section, the backward-
0.0 1 2 3 4 . o -

angle results are quite sensitive to tNEN potential em-

ployed.

0.0 [

EN

-1.0 L

n

FIG. 5. Forward deuteron tensor analyzing powef using V. SUMMARY AND CONCLUSIONS
BonnB (full and dotted linesand Parigdashed and dotted-dashed

curves potentials. For both the dotted and dotted-dashed lines the In this paper we have carried further the analysis of the
free isobar width has been employed, while the other two curved« 7 ¥t process initiated in Refl1] by considering the
refer to the parametrization derived frond absorption. spin observables. In particular, we have studied the proton
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analyzing powerA,, and deuteron tensor analyzing power Finally, we have compared the results obtained from two
Too. different parametrizations of th& width. One has been ob-

As is well known, A, is very difficult to reproduce be- tained from the phenomenology of thel— pp cross section
cause it depends not only on the magnitude of the various/hile the other from a Chew-Low—type analysis of th#l
helicity amplitudes, but also on the phases of these compledata. While the second represents the standard parametriza-
guantities. We have found that the three-nucleon dynamics ition of a single, free isobar, the first includes phenomeno-
the initial channel has a modest influence aroundXhreso-  logically the interaction effects of the second nucleon on the
nance while in general the convergence with respect to thisobar. Around the\ resonance the differential cross section
partial-wave representation is of great importance. In particuis better reproduced by the calculation with the former pa-
lar, orbital AN states greater thdn=0 definitely have to be rametrization of thé\ width, while the latter parametrization
included. This effect o\, is somewhat different from the works much better when the energy increases. This suggests
behavior of the unpolarized cross section, where the thredhat at energies above the resonance the intermediate iso-
nucleon dynamics and the higher partial waves affect thdar propagates approximately as a free particle, while around
results by roughly the same amoudi. the resonance th&N interaction effects are not entirely neg-

We have considered the energy dependenci,ght for-  ligible.
ward and backward angles, finding tiig, at 0° is not very
sensitive to theNN potential employed in the calculation,
while the results at backward angles are much more sensitive
to the nuclear potential, except for the region at threshold. L.C. thanks B. Mayer for scientific communications. G.P.
This behavior ofT,q is similar to what has been observed thanks the Winnipeg Institute of Theoretical Physics and
previously for the differential cross section. Below the reso-University of Manitoba for support and hospitality in August
nance, thél',o results at forward angles are in clear disagree-and September, 1997. W.S. acknowledges financial support
ment with the experimental results, while above the resofrom INFN and from the Deutsche Forschungsgemeinschaft
nance, the trend of the data is reproduced. This behaviamnder Grant No. Sa 327/23-1. J.P.S. acknowledges financial
confirms the findings already obtained from the analysis ofupport from a NATO Collaborative Research Gré@RG.
the cross section at forward angles, and suggests that thered80552, with G.P., at the very early stage of this work and
some missing mechanism operating at low energy. From prehe continuing financial support from NSERC, Canada. J.P.S
vious experience on thed— pp reaction, a very likely can- thanks also the University of Padova and INFN for hospital-
didate is the process triggered by thdl s-wave interaction. ity in January—April, 1995 and July, 1997.
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